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Abstract  The  spinal  canal  is  frequently  a  source  of  difﬁculties,  traps  and  diagnostic  errors.
Pitfalls related  to  artifacts  are  resolved  by  using  appropriate  sequences.  Good  knowledge  of  the
appearance of  certain  particular  anatomical  structures  (the  cauda  equina  roots,  the  radicular
veins of  the  lumbar  spine  and  conus  medullaris,  the  dorsal  root  ganglion)  and  of  frequent
variants (ﬁbrolipoma  of  the  ﬁlum  terminale,  common  root  sheaths,  root  cysts)  will  avoid  a  good
many errors.  Dilatation  of  epidural  veins  in  intracranial  hypotension  can  simulate  the  contrast
enhancement  of  a  tumour.  An  increase  in  epidural  fat  can  induce  pathogenic  stenosis  of  the
dural sheath.
©  2012  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
A  great  number  of  pitfalls  are  encountered  when  exploring  the  spinal  canal  in  MRI,  partic-
ularly  around  the  perimedullary  subarachnoid  space,  the  spinal  nerve  roots,  root  sheaths
and  the  epidural  space.  Some  of  them  are  related  to  anatomical  variations,  rare  diseases
or  unusual  signs,  others  to  artifacts  or  the  use  of  inappropriate  exploratory  protocols.
The subarachnoid space and the CSF
The  quality  of  MRI  explorations  of  the  CSF  of  the  subarachnoid  space  in  the  spinal  canal
is  often  modiﬁed  by  ﬂow  artifacts.  These  artifacts  are  related  to  CSF  ﬂow  and  are  par-
ticularly  common  in  the  thoracic  spine,  especially  in  children,  where  they  almost  always
appear.  These  artifacts  are  most  often  visualised  on  sagittal  T2-weighted  images  in  the
retromedullary  subarachnoid  space  of  the  thoracic  spine,  but  also  in  a  perimedullary  dis-
tribution  at  the  level  of  the  cervico-thoracic  junction,  appearing  as  areas  devoid  of  any
signal;  on  spin  echo  axial  slices  these  artifacts  often  surround  the  entire  spinal  cord  (‘black
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CSF  and  which  may  simulate  siderosis  of  the  spinal  cord86  
oles’)  (Figs.  1  and  2).  These  modiﬁcations  are  sometimes
onfused  with  extramedullary  intradural  tumoral  processes
r  vascular  dilatations  in  the  context  of  an  arteriovenous
alformation  (AVM)  [1].  The  differential  diagnosis  with  an
VM  is  easy,  because  perimedullary  vascular  dilatations  asso-
iated  with  an  angioma  are  either  discreet,  located  directly
n  contact  with  the  posterior  medullary  surface  and  asso-
iated  with  an  intramedullary  high  intensity  signal  on  T2
elated  to  edema  of  venous  origin,  if  there  is  a  dural  ﬁstula,
n  the  adult,  or  larger  and  associated  with  intramedullary
ascular  dilatation  if  there  is  an  AVM  of  the  spinal  cord  in  the
hild.  Flow  artifacts  are  virtually  non-existent  in  the  lumbar
egion  and  can  be  avoided  on  axial  T2  images  of  the  cervical
nd  thoracic  spine  using  axial  slices  in  a  MEDIC  or  MERGE  T2
radient  echo  sequence;  moreover,  with  such  sequences  the
ntramedullary  signal  can  be  closely  studied  because  they
re  the  only  ones  to  offer  good  discrimination  between  the
hite  and  the  grey  matter.  Flow  artifacts  are  also  reduced
sing  BLADE  sequences  [2].
The  retromedullary  subarachnoid  space  of  the  thoracic
pine  presents  a  high  degree  of  trabeculation,  the  trabec-
lae  appearing  more  distinctly  on  the  median  line  where
hey  may  form  the  septum  posticum  which  attaches  the  pos-
erior  surface  of  the  spinal  cord  to  the  dural  sheath;  this
edian  sagittal  septum  can  be  identiﬁed  on  high  resolution
2-weighted  axial  images.
Magnetic  susceptibility  artifacts  can  simulate  compres-
ion  of  the  dural  sheath;  these  artifacts  are  observed
ostoperatively,  particularly  following  discectomy,  associ-
ted  or  not  with  arthrodesis,  via  an  anterior  approach.  These
rtifacts  are  accentuated  on  axial  T2  gradient-echo  images
ut  are  less  important  in  spin  echo  (Fig.  3).
3D  SPACE  or  CUBE  T2-weighted  spin  echo  sequences  are
ess  sensitive  to  ﬂow  artifacts  and  magnetic  susceptibility,
nabling  the  root  sheaths  to  be  properly  studied  and  clearly
een  along  their  subarachnoid  pathway,  complementing
D  CISS  or  FIESTA  T2  sequences.  However  these  sequences
igure 1. a—d: ﬂow artifacts. Sagittal MRI images in T1 weighting (a) a
ow intensity zones in T1 and T2 weighting that can simulate vascular 
radient-echo MEDIC images (d).
(
rigure 2. Anterior cervical premedullary and posterior thoracic
ow artifacts at 3 T.
annot  be  used  to  analyse  the  signal  in  the  spinal  cord;  if
here  are  clinical  spinal  cord  symptoms,  these  sequences
an  consequently  only  be  used  as  an  addition  to  basic
equences  (sagittal  slices  in  2D  T2-weighted  fast  spin  echo
nd  MEDIC  or  MERGE  axial  slices).  Moreover,  T2  SPACE
r  CUBE  images  are  often  associated  with  an  artifact
n  the  surface  of  the  spinal  cord  appearing  as  a  ﬁne
ow  intensity  border  separating  the  spinal  cord  from  thend T2 weighting (b) and axial T2-weighted spin echo (c) show very
or tumoral diseases. The artifacts disappear in axial T2-weighted
Fig.  4).
The  anterior  and  posterior  cervical,  thoracic  and  lumbar
oots  can  be  visualised  on  axial  T2-weighted  images  and
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Figure 3. a, b: false postoperative compression of the dural sheath on an axial T2-weighted gradient-echo image (a), owing to a magnetic
susceptibility artefact. The sagittal T2-weighted fast spin echo image (b) shows no compression.
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cFigure 4. a, b: artifact-simulating siderosis of the spinal cord see
echo image (b), the abnormality has disappeared.
more  particularly  on  high  resolution  3D  T2  imaging  (CISS,
FIESTA,  SPACE,  CUBE).  Visualising  the  rootlets  composing
each  cervical  and  thoracic  root  is  however  still  a  matter
of  chance.  Frequently  anastomoses  between  the  cervical
roots  exist  (which  explains  the  inconsistency  between
the  clinical  symptoms  and  the  topography  of  the  lesions
identiﬁed  by  imaging).  In  the  lumbar  region,  the  normal
roots  of  the  cauda  equina  present  a  V-shaped  arrangement
open  towards  the  front  on  axial  T2-weighted  images  [3].
The  anterior  motor  component  is  clearly  identiﬁed  relative
to  the  posterior  sensory  root,  which  appears  wider.  Disap-
pearance  of  this  V  shape  is  either  related  to  compression,
[
c
v sagittal T2-weighted SPACE sequence (a). In the T2-weighted spin
hich  is  located  sometimes  at  a  distance,  or  to  adherence
henomena  related  to  arachnoiditis.
The  dorsal  root  ganglion  is  identiﬁed  using  a  high-
esolution  T2-weighted  sequence  (CISS,  FIESTA).  Intense
ontrast  enhancement  is  observed  following  Gadolinium
njection  and  appears  very  clearly  when  the  fat  signal  is
aturated.  This  nodular  intraforaminal  uptake  must  not  be
onfused  with  a  tumoral  process,  particularly  a  neurinoma
3,4]  (Fig.  5).  The  dorsal  root  ganglion  may  be  enlarged  in
ases  of  polyradiculoneuropathy  [5].
Fibrolipoma  of  the  ﬁlum  terminale  is  a  frequent  normal
ariant  (4%  lumbar  MRI  examinations)  and  is  seen  as  a  high
988  J.-L.  Dietemann  et  al.
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Tigure 5. a, b: T1-weighted image with Gadolinium showing the 
ntensity  linear  signal  on  its  pathway.  The  high  intensity  sig-
al  in  T2  weighting  and  signal  drop  in  T1  weighting  with  fat
aturation  conﬁrm  the  fatty  composition  of  the  lesion;  the
bsence  of  clinical  symptoms,  topographical  or  morphologi-
al  abnormalities  of  the  conus  medullaris  or  ﬁlum  terminale,
nd  lack  of  spinal  dysraphia  conﬁrm  that  it  is  a  normal  vari-
nt  [6,7]  (Fig.  6).
In  T1  weighting  following  injection  of  Gadolinium,  MRI
requently  reveals  normal  arterial  and/or  venous  structures
n  the  surface  of  the  spinal  cord,  especially  near  the  conus
edullaris  and  on  the  posterior  surface  of  the  mid-thoracic
ord.  The  veins  draining  the  conus  medullaris  accompany  the
oots  L1,  L2  or  L3  of  the  cauda  equina.  Radicular  arteries  or
eins  may  accompany  the  roots  L5  or  S1  over  their  entire
ntradural  route  between  the  conus  and  the  lumbosacral
egion  (Fig.  7).  In  axial  T1-weighted  images  after  Gadolin-
um  injection,  this  vascular  contrast  enhancement  should
ot  be  confused  with  enhancement  due  to  inﬂammation
8].
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igure 6. a, b: ﬁbrolipoma of the ﬁlum terminale. A high intensity s
1-weighted (b) image.al dorsal root ganglion at L5 (a) and S1 (b).
he spinal nerves and their sheaths
he  motor  and  sensory  roots  of  the  cervical  spinal  nerves
re  composed  of  numerous  rootlets.  The  existence  of  anas-
omoses  between  adjacent  roots  explains  inconsistencies
etween  clinical  ﬁndings  and  imaging  data:  these  anatomic
ariations  cannot  currently  be  analysed  by  imaging.  It  is  also
he  case  of  the  dentate  ligament,  which  anchors  the  lateral
urface  of  the  spinal  cord  to  the  dural  envelope  between  the
ensory  and  motor  roots.
There  are  many  variations  of  the  root  sheaths  that  form
he  foraminal  extension  of  the  meningeal  envelope  and
hich  thus  permit  the  motor  and  sensory  roots  to  leave  the
ural  sheath  and  unite  to  form  the  spinal  nerve.  We  will
resently  discuss  those  involved  in  certain  differential  and
etiological  diagnoses,  namely  common  sheaths  and  root
ysts.
Common  sheaths  are  normal  at  levels  L4-L5  and  L5-S1
ith  a  common  sheath  for  the  roots  L5  and  S1  and  S1  and
ignal is identiﬁed at L2-L3 on a sagittal T1-weighted (a) and axial
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sFigure 7. a, b: normal venous contrast enhancement of an L5 rad
S2  respectively.  The  presence  of  a  common  L5-S1  sheath  on
one  side  and  a  common  S1-S2  sheath  contralaterally  is  pos-
sible.  On  a  CT  scan,  but  sometimes  also  in  MRI,  a  common
sheath  can  simulate  disc  herniation  in  a  root  recess  or  a
foramen.  The  root  recess  is  normally  enlarged  if  there  is  a
common  sheath  [9,10]  (Fig.  8).  Using  axial  T2-weighted  MRI
sequences  up  to  four  roots  can  often  be  identiﬁed  within
a  single  sheath.  Postoperatively,  enhancement  of  ﬁbrosis
around  a  dilated  sheath  can  simulate  recurrence  of  disc
herniation  with  a  free  fragment.Root  cyst  type  formations  occur  frequently  and  may  indi-
cate  dilatation  of  the  root  sheath,  actual  root  cysts  or  Tarlov
cysts  (Figs.  9—11). Dilatation  of  root  sheaths  can  be  observed
a
r
(
Figure 8. a, b: common L5 and S1 sheath on the left that can simulater vein (a) and a vein of the conus medullaris at L3 (b).
n the  lower  cervical  region  or  at  the  L5,  S1  or  S2  levels.
eningeal  root  cysts  have  a  dural  or  arachnoid  wall.  These
ysts  are  common  in  the  lower  cervical  region,  at  the  thora-
olumbar  junction  and  in  the  lower  lumbar  and  sacral  region.
upture  of  these  cysts  causes  a  chronic  leak  of  CSF,  responsi-
le  for  ‘spontaneous’  intracranial  hypotension  [11]. It  is  easy
o  identify  these  cysts  on  coronal  T2  STIR  or  high-resolution
D  T2  images.  They  are  associated  with  signs  of  CSF  leakage
nd  hypotension  within  the  dural  sheath  (epidural  and/or
ub-dural  ﬂuid  collection,  dilatation  of  the  epidural  veins
t  the  C1-C2  levels  and  in  the  thoracic  and  lower  lumbar
egions).  If  there  are  intracranial  hypotension  complications
a  chronic  sub-dural  haematoma,  cerebral  involvement)  and
 left foraminal herniation.
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Figure 9. Root cysts in STIR imaging.
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the  fat  signal.
Failure  of  the  lumbar  blood  patch  procedure,  it  is  necessary
o  ﬁnd  proof  of  and  locate  the  CSF  leak.  Isotopic  transit  and
specially  myelography  are  the  most  effective  techniques
or  conﬁrming  CSF  leakage.
Tarlov  cysts  are  found  in  the  sacral  region  (S1,  S2,  S3,  S4);
hey  are  cysts  that  develop  within  the  dorsal  root  ganglion,
hich  explains  the  presence  of  nerve  ﬁbres  on  the  wall  of
he  cyst  [12,13].  A  CT  scan  can  show  enlargement  of  the
acral  canal  and/or  the  anterior  foramina,  which  may  sim-
late  a  neurinoma.  With  MRI,  a  differential  diagnosis  with  a
eurogenic  tumour  can  be  made  owing  to  the  ﬂuid  nature  of
he  lesion.  Coronal  slices,  particularly  with  curved  recons-
ructions,  show  the  intraganglion  topography  of  small  cysts r
igure 11. a—c: left S2 and S3 Tarlov cysts.igure 10. Dilatation of the right S1 root sheath.
nd  the  mass  effect  on  the  sacral  nerve  roots  when  the  cysts
re  large.
he epidural space
ypertrophy  of  the  epidural  fat  associated  with  endoge-
ous  or  exogenous  hypercorticism,  even  with  simple  obesity,
an  cause  stenosis  of  the  lower  lumbar  or  sacral  dural
heath.  Sagittal  and  axial  T1-weighted  images  are  essential
or  assessing  the  degree  of  stenosis  and  malformation  of  the
ural  sheath  [14—16]  (Fig.  12).  At  the  level  of  the  thoracic
pine,  stenosis  of  the  dural  sheath  caused  by  the  poste-
ior  epidural  fat  should  not  be  confused  with  an  epidural
aematoma;  this  differential  diagnosis  is  sometimes  difﬁcult
f  there  is  scoliosis,  and  requires  careful  analysis  of  the  sig-
al  on  different  sequences,  particularly  with  suppression  ofThe  epidural  fat  signal  appearing  heterogeneous  (poste-
ior  in  the  thoracic  and  anterior  in  the  lower  lumbar  region)
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Figure 12. a—d: stenosis of the dural sheath due to fat hypertrophy.
Figure 13. a—d: stenosis of the dural sheath due to dilatation of the epidural veins owing to spontaneous intracranial hypotension.
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[may  indicate  epidural  vein  dilatation  or  inﬁltration  of  the
CSF  if  there  is  intracranial  hypotension,  or  even  tumoral
inﬁltration.
It  is  difﬁcult  to  determine  the  pathogenic  nature  of
an  increase  in  epidural  fat;  it  is  often  associated  with
other  compression  factors  (posterior  zygapophyseal  joint
osteoarthritis  hypertrophy  of  the  yellow  ligaments),  which
induces  clinical  decompensation.  In  the  lumbar  region,  the
loss  of  posterior  convexity  of  the  dural  sheath  and  the
appearance  of  concavity  on  the  axial  images  may  indicate
pathogenic  compression  due  to  increased  posterior  epidural
fat.
Normal  epidural  veins  are  identiﬁed  on  axial  T1-weighted
images  after  Gadolinium  injection.  They  can  be  dilated  if
there  is  hypotension;  the  dilatation  is  then  diffuse,  but  more
particularly  involves  the  anterolateral  venous  plexus  at  the
C1  and  C2  levels  and  the  level  of  the  retrocorporeal  veins
D
T
cn the  lower  lumbar  and  sacral  canal  regions  [17,18].  Con-
rast  uptake  by  the  dilated  veins  must  not  be  confused  with
umour  enhancement.  Localised  dilatation  is  usually  related
o  an  obstruction  within  the  epidural  space;  the  classic
xample  is  venous  stasis  superjacent  and  subjacent  to  disc
erniation;  this  stasis  can  cause  the  extent  of  disc  herniation
o  be  overestimated  (Fig.  13).
Diffuse  dilatation  of  the  epidural  veins  is  also  seen  when
here  is  thrombosis  of  the  inferior  vena  cava  with  devel-
pment  of  collateral  circulation  around  the  spinal  canal
19].isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
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• Flow  artifacts  in  the  perimedullary  CSF  are  common
in  T2  spin-echo  sequences,  particularly  in  axial  slices
and  uncommon  on  axial  T2  gradient-echo  sequences
(MEDIC,  MERGE,  etc.).
• 3D  T2-weighted  spin  echo  sequences  (SPACE,  CUBE
etc.)  do  not  allow  for  a  reliable  visualisation  of
intramedullary  signal  abnormalities.
• T1-weighted  MRI  images  following  injection  of
Gadolinium  allow  a  good  visualisation  of  the  veins
of  the  conus  medullaris  and  lumbar  root  veins.
• If  there  is  stenosis  of  the  lumbar  spinal  canal,
identiﬁcation  of  warped  roots  above  or  below
the  stenosis  or  central  displacement  of  the  roots
between  the  levels  of  compression  is  likely  to
indicate  a  clinically  pathogenic  stenosis.
• 3D  high-resolution  T2-weighted  imaging  is  useful  for
analysing  root  cysts.
• Diagnosis  of  an  arachnoid  cyst  or  congenital
herniation  of  the  spinal  cord  must  be  eliminated  if
R
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[there  is  localised  deformation  of  the  spinal  cord,
particularly  in  the  thoracic  region.
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